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Introduction
The first evidence of the role of NMDA receptor in spatial memory using the water maze [67] was challenged in subsequent research studies in which familiarity with the test environment appeared to prevent the impairing effects of NMDA antagonists [9, 10, 14, 58, 70, 81, 85, 87, 88, 92, 100] . This effect of familiarization was shown to occur in other behavioral conditioning paradigms [14, 81, 85, 97, 111, 118] . However, familiarity can imply a reduction of fear and anxiety, which may render learning and memory performance insensitive to NMDA receptor antagonism.
When exposed for the first time to a radial arm maze, mice and rats explore the proximal and avoid venturing into the distal segment of an arm. In the 3D maze ( Fig. 1) , which is a modification of the classic radial maze [69] , animals need to climb onto an upwardly inclined bridge (proximal segment) attached to a central platform in order to access an arm (distal segment). During the first sessions, mice and rats were observed to reach the end of a bridge, then withdraw and return to the central platform; they do not continue into an arm. This avoidance of the distal segment, which is reflected by a low number of arm entries, is used as an indicator of fear and anxiety in mice. C57BL/6J and CD-1 mice demonstrated low anxiety compared to BALB/c J mice [28] . The latter made one or no visits during the first 3 sessions and required 5 sessions to make 8 arm visits whereas C57BL/6J and CD-1 mice made 8 arm visits in the second and third session, respectively. Repeated exposures to the test apparatus can lead to a reduction in anxiety. Hence, the arm/bridge entries ratio increase progressively to approach 1; this indicates that animals are no longer hesitant to cross onto the arms. The hesitation responses, which are indicated by a low arm/bridge entries ratio, reflect fear and anxiety in animals that have yet to make more than eight arm visits. They can also reflect impaired learning and memory performance in animals that had already made more than eight arm visits.
Drug treatment
Following 2 weeks acclimatization to the husbandry conditions, all mice were food-deprived, but had water ad libitum, and kept at 85-90% of their pre-test body weight throughout testing. They were randomly assigned to three groups (n = 8 per group) using a computer generated randomization software [QuickCalcs, GraphPad Software, Inc., La Jolla, CA]. The first group (SAL) received saline while the second group (MKD1) received MK-801 (0.1 mg/kg).
The third group (MKD4) received saline in the first 3 days then MK-801 (0.1 mg/kg) in the remaining 4 days. Each group received intraperitoneal injection of its respective treatment 30 min before each test session, one session a day for 7 days. MK-801 (Sigma, UK) was dissolved in normal saline (0.9% NaCl). It was freshly prepared, and administered in a volume of 0.1 ml per 10 g body weight of mice. The maze (Fig. 1 ) was made from grey PVC (5mmthick). It consisted of nine arms (35 cm × 11.2 cm, each) connected to bridges (15.2 cm × 11.2 cm, each) radiating from a nonagonal shaped central platform. Mice can access an arm by crossing a bridge. The bridges can be level with the arms providing a standard radial maze configuration. They can also be tilted upward or downward providing a maze with a raised or a lowered arm configuration, respectively. A1 cm diameter food well was located 1.5 cm from the end of each arm. Underneath this well, and separated by a small grid, there was another food well (3 cm diameter and 1 cm deep) containing inaccessible fresh food pellets. All parts of the maze apparatus were unprotected; hence, mice were exposed to a complete open space. In the present experiment, the bridge to each arm formed a slope, which was inclined upward by about 40°. The floor of the bridges was covered with wire-mesh grid, which can be easily removed for cleaning or swapped places.
Each entry to a bridge was narrowed either on the left or on the right side by short wire mesh wall (width 5 cm × height 5 cm). The narrowing of the entries in and exits from the bridges were designed to prevent mice relying on sequential arm visits. In this setting, most mice did not choose more than one adjacent arm in a test session. The end of each arm was extended with panels of identical size (20.2 × 11.2 cm). These panels were used for holding intra-maze cues made of distinctive pattern drawings designed on plastic adhesive material and attached to a PVC board (18 × 11.2 cm). The maze was surrounded by a heavy pale beige-colored curtain, and it was placed in a sound attenuated room with a masking white noise of 68 dB.
The illumination on the surface of the central platform was 180 Lux. 
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Discussion
In the present study, C57 mice treated with dizocilpine from day 1 (MKD1) of the test demonstrated a very low number of arm entries in each test session compared to saline treated mice. They had also a high number of bridge entries, which led to a significantly low
arm bridge ratio in each test session. These results indicate that MK-801 treatment, which was started from day 1 of the test, produced anxiety in C57 mice and, this was maintained throughout the 7 sessions.
The introduction of dizocilpine after 3 days of exposure to the maze under saline treatment In MKD1 mice, the time spent in the bridges was higher and the time spent in the arms was lower than that of saline and MKD4 mice; the latter two groups were indistinguishable from one another. Both saline and the two MK-801 treated groups demonstrated a significant decrease between sessions in the time spent on the bridges, and an increase in the time spent on the arms. However, in MKD1 the arm/bridge time ratio reached 1 in the last test session, while in the other two groups it exceeded that ratio much earlier, in session 3. These results indicate that from session 3 onward, saline and MKD4 mice were no longer fearful to venture into and explore the arms. In session 3, saline and MKD4 mice spent more than 41% of the test session in the arms compared to 30% in the bridges, and in session 7 they spent more than 60% of the test session in the arms compared to 18% on the bridges. In MKD1 mice, the time spent in the arms in session 3 was 0.02% compared to 43% in the bridges, and in session 7 it was 26% in the arms and 24% on the bridges.
Examination of the first 9 arm visits in each test session revealed that MKD1 made a high number of bridge entries (except in session 1), and made a very few unique arm visits compared to saline and MKD4. The latter two groups were not different from each other; they demonstrated a significant increase in unique arm visits in sessions 4 to 7 compared to the first 3 sessions, which suggest a reduction in arm repeats. In MKD1 mice, these arm repeats were still high in the last test sessions, which suggests a slower acquisition of a win-shift strategy in this group compared to saline and MKD4 mice. The behavior of MKD1 mice is similar to that observed in our previous study in which C57BL/6J mice received MK-801 on day 1 of the acquisition of a working memory task . In this previous experiment, the number of arm visits [6.5 1.4 ] and the number of unique arm visits [4.4 1] in MK-801 treated mice were significantly low compared to that of saline [9 0 and 7.1 0.4, respectively] in session 7.
The results of the present study add to a long-standing debate concerning the specific role of NMDA receptors in memory encoding Caramanos and Shapiro 1994;  Keith and Rudy 1990; Saucier and Cain 1995; Shapiro and Connor 1992] . NMDA receptors are considered essential to many of the activity-dependent changes in synaptic strength and connectivity, which are thought to underlie the formation of memory. Saucier et al. [1996] suggested that NMDA antagonists produce sensory-motor disturbances, which explain the memory encoding deficit observed in the water-maze. Non-spatial pre-training reduces the The present study suggests that dizocilpine produces anxiety and impairs habituation in a spatial navigation task in C57BL6/J mice that were unfamiliar but not in mice that were familiar with the test environment. Elevated anxiety and impaired habituation may account for the acquisition deficit reported in various learning and memory tests.
